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results. HCP influenza vaccination rates increased from 44.0% (2,863 of 6,510 HCP) to 62.9% (4,037 of 6,414 HCP) after institution of mobile carts, mandatory declination, and peer-to-peer vaccination efforts. Despite maximal attempts to improve accessibility and convenience, 27.2% (66 of 243) of the surveyed HCP were unwilling to wait more than 10 minutes for a free influenza vaccination, and 23.3% (55 of 236) would be indifferent if they were unable to be vaccinated. In this context, institution of a mandatory vaccination campaign requiring unvaccinated HCP to mask during the influenza season increased rates of compliance to over 90% and markedly reduced the proportion of HCP who declined vaccination as a result of preference.
conclusions. A mandatory influenza vaccination program for HCP was essential to achieving high vaccination rates, despite years of intensive vaccination campaigns focused on increasing accessibility and convenience. Mandatory vaccination policies appear to successfully capture a large portion of HCP who are not opposed to receipt of the vaccine but who have not made vaccination a priority. There has been longstanding difficulty in achieving high influenza vaccination rates for healthcare personnel (HCP) despite the fact that HCP are at higher risk for exposure to patients with influenza and are potential vectors for exposing high-risk patients to influenza. 1 In the United States, HCP influenza vaccination rates averaged 45%-50% before 2008 [1] [2] [3] [4] and increased by only a moderate amount, to 65%, after the H1N1 influenza epidemic, 5 despite evidence for patient benefit. 6, 7 Over 200,000 US patients are hospitalized annually for influenza, with an attributable 36,000 deaths. 1, 8, 9 Low influenza vaccination rates are not confined to the United States. One survey of European countries suggested that vaccination rates were below 30% in many countries, including rates of 13% in the United Kingdom. 10 Despite effective annual vaccines that protect upward of 86% of healthy adults below 65 years of age, 11 efforts to increase HCP vaccination rates for personal protection and patient safety have fallen short.
Infect Control Hosp Epidemiol
Currently, in the United States, most hospitals require HCP to demonstrate immunity to varicella zoster virus, measles, mumps, rubella, and hepatitis B prior to employment. It is noteworthy that influenza vaccination is not among these requirements, despite the fact that influenza morbidity and mortality exceed those of all these diseases combined.
12-14 For example, hepatitis B contributes to 2,000-4,000 deaths annually in the United States, 15 most of which are attributable to imported cases of hepatitis B. In contrast, 36,000 deaths occur annually due to influenza, nearly all of which are the 
2007-present
Mandatory influenza vaccination policy Requirement for all healthcare personnel to either be vaccinated or wear a mask on medical center grounds during the entire flu season.
2009-present
Real-time noncompliance tracking Institution of a real-time noncompliance feedback system accessible online by staff, unit managers, division chiefs, and department chairs. Both individual staff compliance and grouped summary participation were available for comparison. Noncompliant lists were also sent to nurse managers, division chiefs, and department chairs weekly.
Good-standing budget allocations Dean relays to School of Medicine department chairs the line-item list of nonparticipating members and a reminder that vaccination participation for staff is a part of good-standing requirements. Failure to meet good-standing milestones could result in withholding of a portion of departmental budgets.
2010-2011
a For the 2008-2009 season, decentralized vaccine distribution was reduced because of a reevaluation of vaccine-tracking processes.
result of locally transmitted infection. The US Department of Health and Human Services has set a goal of 60% influenza vaccination among HCP by 2010 and 90% by 2020. 16, 17 Discouragingly low HCP influenza vaccination rates have led to a variety of strategies to increase vaccination levels. Hospital efforts have focused on increasing vaccination convenience for HCP. In a French study, the use of mobile vaccination carts in addition to education and promotional campaigns showed an increase of 25% in HCP vaccination the year after implementation. 18 Additionally, tools such as peerto-peer vaccination and off-hour clinics have increased accessibility for HCP. 19, 20 The hepatitis B declination model has also been adopted for influenza declinations at medical centers across the nation after suggestions by the Healthcare Infection Control Practice Advisory Committee (HICPAC) and the Advisory Committee on Immunization Practices (ACIP). 21, 22 In fact, at least one state (CA) has implemented mandatory influenza declinations by HCP. 23 Various studies suggest a range of 11%-22% increases in vaccination of HCP after instituting required written declinations concurrently with education and other influenza vaccination campaign initiatives. [24] [25] [26] More recently, the H1N1 influenza pandemic has again raised the issue of mandatory influenza vaccination of HCP for the safety of patients and hospital staff. The Infectious Diseases Society of America (IDSA) further suggested the removal of declination for philosophical reasons when instituting a mandatory vaccination policy. 27 The ACIP, IDSA, Society for Healthcare Epidemiology of America, Association 30 Similarly successful mandatory hospital policies were introduced by both BJC HealthCare and Hospital Corporation of America Healthcare. 31, 32 Nevertheless, other hospitals may be less willing to implement a mandatory influenza policy if other strategies, such as mobile carts and peer-to-peer vaccination campaigns, have not yet been tried.
We sought to quantify the impact of serial strategies for increasing HCP influenza vaccination rates. Our goal was to assess the incremental gains achieved by a series of nonmandatory campaign strategies and contrast those gains with those achieved by a mandatory vaccination policy. We also sought to measure HCP attitudes toward vaccination to evaluate whether the common practice of providing influenza education and campaign materials for those already in line to receive the vaccine was beneficial. Influenza vaccines were available to all HCP and select non-HCP at UC Irvine Health, a tertiary care, multispecialty academic medical center in Orange County, California. This policy applied to approximately 6,500 clinical and nonclinical workers, including residents, fellows, students, volunteers, and contract workers employed at the UC Irvine Medical Center as well as faculty physicians and staff employed by the UC Irvine School of Medicine who were physically located at the medical campus or affiliated clinical areas. Vendors were also required to comply with this policy but were not included in this analysis.
Influenza Vaccines
Influenza vaccines were provided free of charge and were thimerosal-free beginning in the 2006-2007 influenza season. HCP could provide written proof of vaccination through other providers, including receipt of intranasal preparations, which were not offered through the campaign.
Influenza Strategies
A series of cumulative strategies to improve influenza vaccination were conducted annually. They included strategies such as the use of mobile vans to bring vaccines to off-site clinical areas, the use of mobile carts to provide vaccines at routinely scheduled physician and medical staff meetings and directly to clinical units, decentralized vaccine distribution to coworkers by designated nurses in clinical areas, mandatory declination, and eventually a mandatory vaccination policy (Table 1 ). All strategies were continued each season from the time of implementation. However, during the 2008-2009 season, decentralized vaccine distribution was temporarily reduced as a result of reevaluation of vaccine-tracking processes to comply with stricter state-mandated documentation.
The mandatory vaccination policy was implemented beginning in the 2009-2010 influenza season, coincident with the H1N1 influenza pandemic. The policy required either (1) vaccination with all vaccines recommended by the Centers for Disease Control and Prevention or (2) signing a paper or online declination plus masking while in medical areas or on the grounds of the medical campus for the entirety of the influenza season. Vaccination receipt was signified by a plastic colored tag on identification badges, and supervisors were instructed to ensure masking for employees without a tagged badge and to report noncompliance to the human resources department. During the 2009-2010 influenza season, receipt of both the H1N1 and seasonal influenza vaccines was required to receive a colored tag. HCP who received only one vaccine were deemed noncompliant that year. No consequences of termination were communicated to nonparticipating personnel until the 2011-2012 season (see "Discussion").
Survey of Attitudes toward Influenza Vaccination
We evaluated a convenience survey conducted by the UC Irvine Medical Center Epidemiology and Infection Prevention Program during the 2007-2008 influenza season. A team of infection preventionists conducted verbal interviews of a convenience sample of 300 HCP waiting in line to receive the free influenza vaccine. The intent of the survey was to assess the utility of placing influenza vaccine campaign materials at influenza vaccine booths by assessing whether those already in line were committed to receiving the vaccine each year. The anonymous survey included information on sex, age, general clinical and nonclinical job categories, reasons for influenza vaccination, vaccine receipt during the prior year, and likelihood of vaccine receipt during the next year and questions on how long the respondent was willing to wait and how much the respondent was willing to pay to receive the influenza vaccine.
Declinations
We evaluated declination responses from HCP over 5 consecutive influenza seasons beginning in 2006. The reasons for declination were categorized as permissible (severe allergic response, history of Guillain-Barré virus infection, and religious beliefs) or preferential (fear of adverse effects, fear of needles, fear of contracting influenza as a result of vaccination, personal belief that one was at minimal risk for acquiring influenza, philosophical reasons, and other).
Analysis
For each influenza season, we assessed the proportion of HCP who were vaccinated, formally declined, or were neither vaccinated nor formally declined (nonparticipants). Participants included both vaccinated HCP and those who completed a declination form. All assessments were finalized as of March 31 of each influenza season. Comparisons of seasonal proportions of vaccinated HCP and nonvaccinated HCP were calculated using 2-way contingency x 2 tests. Comparisons of the proportions of vaccinated HCP were also made between those seasons with new campaigns and the prior seasons.
Declination data for each influenza season were described according to the proportion of HCP who declined the seasonal influenza vaccine for permissible and preferential reasons. Declination data for the H1N1 vaccine were assessed separately.
For the 2007-2008 HCP survey, we recorded the proportion of HCP who provided specific answer choices to the Table 1 ). Of note, 52 HCP (0.8%) had P ! .001 received only 1 of the 2 influenza vaccines available that year (H1N1 and seasonal) and were categorized as nonparticipants. The 2010-2011 mandatory vaccination policy was strengthened by involvement of the dean of the School of Medicine, who provided line-item lists of nonparticipants to department chairs with a reminder of the importance of good standing. Similar to the policy adopted by many academic institutions, the failure to meet thresholds of faculty in good standing with hospital policy could result in withholding of a portion of budget allocations to that department. This led to an increase in HCP vaccinations during the 2010-2011 season to 91.9% (6,047 of 6,582 HCP;
), which was P ! .001 primarily attributable to increased vaccinations of the subset of HCP in the School of Medicine (primarily physicians and other faculty members), which increased from 77.5% (1,917 ). Only 4 staff P ! .001 members were seen in Occupational Health as a result of mask complaints. In all cases, a suitable alternative mask was identified. If a staff member disagreed with the determination of Occupational Health regarding a possible allergic reaction to the mask, the staff member could seek a second opinion by having an external physician or allergist complete a physician attestation form.
Responses to the 2007-2008 survey of HCP, conducted among HCP who were in line awaiting vaccine distribution, are summarized in Table 2 . Less than half of HCP (43.2%; 105 of 243) were willing to wait up to 20 minutes to receive a free influenza vaccine. One-quarter of HCP (27.2%; 66 of 243) were unwilling to wait 10 minutes. Had vaccination not (12 of 140) indicated that they would be unwilling to pay any amount of money for influenza vaccination. The major reasons for vaccination among both nonclinical and clinical staff were to protect oneself and others, which included both patients and family members. Among HCP respondents (who were in line to receive the vaccine), 13.8% (38 of 276) responded that they had not been vaccinated during the previous year, and only 70.8% of HCP (170 of 240) indicated that they would definitely get vaccinated during the next year. In addition, 23.3% (55 of 236) stated that they would be indifferent if they were unable to be vaccinated in the current season, and an additional 2.5% (6 of 236) stated that they would be relieved if the vaccine ran out before they received it.
Declination responses of HCP for seasonal influenza vaccines are summarized in Table 3 . Throughout all seasons, declinations due to permissible reasons remained below 1% for all HCP. Declinations due to preferential reasons increased from 18.5% (102 of 6,510) to 30.9% (2,044 of 6,414) in response to mandatory declination ( ) but then stably P ! .001 decreased to 4.2% (279 of 6,582; ) after mandatory P ! .001 vaccination. HCP reasons for preferential declination over all 5 seasons were 4.5% (1,476 of 32,808) for fear of adverse effects, 2.2% (713 of 32,808) for personal belief of minimal risk for influenza, 1.4% (467 of 32,808) for fear of needles, 1.3% (426 of 32,808) for fear of getting influenza from vaccination, 1.2% (397 of 32,808) for philosophical reasons, and 7.0% (2,318 of 32,808) for all other reasons. HCP declination of the H1N1 vaccine during the 2009-2010 influenza season was similar to the declination rate for the seasonal influenza vaccine during the same season. discussion Ultimately, all influenza vaccination policies and campaigns are meant to ensure the safety of HCP and their patients. However, despite evidence that vaccination of HCP against seasonal and pandemic influenza protects patients, 6, 7 vaccination for HCP in the United States remains at unacceptable levels. [1] [2] [3] [4] [5] A small number of early-adopter hospitals have accomplished effective institution of mandatory vaccination policies that have increased HCP vaccination rates to levels above 95%, with resounding success and few or no adverse effects for HCP. [30] [31] [32] However, nonmandatory campaigns involving education, incentives, e-mail and pager reminders, after-hours vaccination, mobile carts, mandatory declinations, and peer-to-peer vaccination have also been shown to be successful at increasing influenza vaccination among HCP. [18] [19] [20] [21] [22] 24, 26 Understanding the relative contributions of nonmandatory strategies versus the gains of mandatory campaigns can help inform whether mandatory campaigns are necessary for achieving high influenza vaccination among HCP.
We showed that campaign strategies such as decentralized vaccine distribution, mobile carts, and mandatory declination, which complimented already-existing vaccination fairs and educational campaigns instituted before 2006, were successful in significantly increasing HCP vaccination from approximately 45% to 60%. This is consistent with other studies that have reported moderate (∼20%) increases in HCP vaccination based upon similar strategies. 18, [24] [25] [26] Nevertheless, the cumulative use of these campaigns, even over a 2-year period, was unable to increase HCP vaccination rates beyond 60%. Only the addition of a mandatory vaccination policy enabled instantaneous gains in vaccination to levels above 90%. We expect additional gains during the 2011-2012 season with the institution of unpaid furlough for those HCP with nonparticipation in vaccination as of December 1, 2011.
Mandatory influenza vaccination policies for HCP have the potential to increase vaccination rates nationally and worldwide. However, merely approving such a policy without enforcing it is unlikely to be successful. In this instance, the involvement of hospital leadership and human resources personnel was necessary to achieve near-complete vaccination. The institution of a real-time noncompliance tracking tool was pivotal in ensuring participation, because staff members were held directly accountable to their supervisors rather than to Occupational Health. Furthermore, e-mail reminders of the mandatory nature of vaccination from the chief medical officer and chief executive officers instilled the gravity of the mandatory vaccination policy in HCP.
Similar to other academic institutions, we encountered issues of accountability for physicians, because many are employed by and accountable to the School of Medicine rather than the hospital system. This was reflected in the first season of mandatory influenza policy, when vaccination of medical center HCP already surpassed 90%, whereas vaccination rates among School of Medicine HCP were 78%. However, in the following season of mandatory vaccination policy, a significant increase to 94% for School of Medicine HCP was attained by the active involvement of the dean to reinforce the importance of good standing, which often carries financial repercussions for School of Medicine departments whose members fail to meet thresholds of compliance with institutional policy. Because all departments met good standing requirements, we can only assume that this had a substantial impact. The issue of separation of physicians from hospital staff is not confined to academic institutions, because community hospitals often contract physician groups for hospital service. This strategy has not, to our knowledge, been previously reported and may be helpful in increasing physician vaccination rates when incentives are tied to compliance with annual requirements.
As mandatory influenza vaccination is increasingly promulgated, [30] [31] [32] issues have been raised related to the ethical, legal, and economic impact of such a policy. [33] [34] [35] [36] [37] In this context, it is necessary to overcome many HCP misconceptions about the influenza vaccine. For example, in this study, concern for vaccine safety remained a major reason among those who declined vaccination in favor of masking for the duration of the influenza season. This occurred despite long-standing data on safety, including a systemic adverse effect profile similar to that for placebo. 38 We found that the majority of vaccine declinations by HCP were attributable to preferential reasons. The proportion of HCP who declined for permissible reasons remained small (!1%) throughout all seasons, including under the mandatory vaccination policy. In contrast, the proportion of declinations for preferential reasons markedly increased in response to the mandatory declination requirement and dramatically decreased in response to mandatory vaccination.
One explanation for this may be that mandatory declination differentially captures HCP who feel strongly about declining the vaccine but does not capture those who, although not opposed to the vaccine, have not made vaccination a priority. In contrast, the masking requirement associated with lack of influenza vaccination under the mandatory policy may provide sufficient disincentive to encourage the large number of stragglers to prioritize vaccination.
This highlights the importance of understanding the needs and attitudes of HCP to overcome both reluctance and inertia toward annual influenza vaccination. This is most clearly indicated by survey data that indicate that there are still gains to be made by targeting HCP who have been vaccinated in previous years.
We found that convenience was an essential factor in HCP vaccination, even for those who had already decided to receive the vaccine. The unwillingness of one-quarter of HCP to wait for more than 10 minutes indicated that high vaccination rates require highly convenient access and minimal effort for HCP. However, we showed that even with maximum convenience, including after-hours events, centralized and decentralized vaccine distribution, and mobile cart and mobile van vaccinations, only 60% of HCP were vaccinated.
We compared the effectiveness of educational campaigns, vaccination event reminders, after-hours vaccination, mobile carts, mobile vans, mandatory declinations, and decentralized peer-to-peer vaccination strategies with the effectiveness of a mandatory HCP vaccination policy. Although the cumulative use of these campaigns significantly improved vaccination levels beyond the national norm, a mandatory vaccination policy was needed to reach vaccination levels in excess of 90%. Although the successful implementation of such policy requires substantial resources, administrative support, and cooperation of HCP, it rapidly achieved the intended goal of providing a safe medical campus to patients and HCP for a disease that still claims over 30,000 lives annually.
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